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I. ‘Summary of research objectives
Objectives of the investigation are: (1) to evaluate the
effect of water stress, disease, and leaf éréa on the reflectance
characteristics of wheat, (2) to evaluate disease losses in termé
of yield and water use, and (3) to predict disease severity and

econonic loss,

II. Statement of problems
1. Delays in obtaining retrospective orders and the subse-
quent computer printoﬁts from CCTs at University of
Kansas adversely affect the completion of the final

analysis by termination date (January 5, 1974),

ITi, Accomplishments during reporting period
1. Processed CCT and printed out grey scale maps.

2, Prepared manuscripts for publication,

1V, Planned accomplishments during next reporting period

1. Complete the final analysis of data,

V., Efforts to achieve reliability
1. Attempting to determine registration by repetition with

different personnel,

VI, Significant results
Ground truth measurements indicate that reflectance ratios of
the 545 and 655 nm wavebands provide an index of plant development
and possibly physiological stress, Preliminary analysis of the
corresponding ERTS channels (MSS 4 and 5) substantiate :hé ground

truth interpretation,



V. Discussion of planned accomplishments or work during next reporting period:

_ - Two technical reports are in preparation and work will continue on these
reports, which deal with (1) the study of alfalfa in Finney County and (2) the collec- '
tion of land use statistics for the state of Konsas. In addition, preparation of the
final report is continuing. The map of center pivot irrigation in Finney County is
being updated for 1973,

V. Discussion of efforts to achieve reliability:

In our human interpretations, we employ a team approach. One interpreter
analyzes the image. Then a second interpreter checks the work. Results are then
checked against surface observations, available aerial photography and published

data to determine the magnifude and causes of errors.

VI. Discussion of significant results and relationship to prcchcc] applications or
operational problems:

Agriculfurdl ‘consultants have expressed substantial interest in our work on
. center pivot irrigation and lhuye inquired as to how they may use ERTS-1 imagery to
aid those in the irrigation field.

Results of the lend use mapping experiment indicate that ERTS imc:-ge_ry has
major potential in regionalization. The ways in which land is utilized within these
regions may then be studied more effectively than if no adequate regionalizotion is

available.
VIl. Discussion and estimates of the cost benefits of any significant results:

Cost benefit analysis are not yet complete and will be included in the final

report,

VIII. List of published articles, popers, pre-prints, in—house reports, abstracts of
talks that were released durmg the reporting period after receiving notice
of compliance with the provisions of Article X of the contract:

None -

o<



ESTIMATE OF WINTER WHEAT YIELD
FROM ERTS-1

Stonley A. Morain and Donald L. Williams
Department of Geogrephy and Space Technology Center |
' University of Konsas, Lawrence

ABSTRACT

A model for estimating wheat yield per acre has been applied to
acreage estimates derived from ERTS-1 imagery fo project the 1973
wheat yields for a ten county area in southwest Kansas. The results
(41.04 million bushels) are within 3per cent of the preharvest esti=
mates for the same area orepared by the USDA Statistical Reporting
Service (392.91 million busheis). The projection from ERTS data is
based on a visual enumeration of all detectable wheot fields in the -
study area and was completed while the harvest was in progress.
Visual identification of winter wheat is readily achieved by using
a temporal sequence of images (bend 5 for Sept.-Oct.; band 5 for
Dec.-Jon.; and band 5 & 7 for March-April). Identification can
be improved by stratifying the projeci area into subregions having
more or less homogeneous agricultursl practices and crop mixes.

By doing this, smail changes in the speciral appearance of wheat
related to soil type, irrigation, etc. can be accounted for. The
interpretation rules developed by visual enalysis can be automcted
for rapid computer surveys.

INTRODUCTION

Recent events in international politics have had great impact on the economy

of U. S. agriculture. The "new" agricultural economics has focused ottention on
the need for ropid and timely estimates of crep ccreage, yield, and general crop
condition. Increasing world demand for U, S. agriculturel products, coupled with
increasing domestic demand, requires the development of means for assessing the status
of major creps over large geoaraphic areas at several points in the growing season.
Even though present crop reporting methods are reliaole for U. 5. agriculture, a
major shortcoming for efficient planning is the time lag between collection and dis-
semination of statisiics. Technigues that can reduce the time lag in normai crop
reporting procedures will undoubtedly hove an impact on American agriculture.
Similorly, any technigue that will imorove timeliness end accuracy of information
on foreign agriculturel preduction wiil benefit American agriculturel oolicy makers.
In this paper we describe our methods and resuits for estimating the winter wheat
acreage and yield for o ten county area in southwest Kansas. '
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I.  RESEARCH OBJECTIVES

The objective of this investigation is to study the spectral-textural
features of ERTS imagery over Kansas as the basis for the discrimination between

various lend use categories.
II. PROBLEMS

NMone

I, WORK PERFORMED DURING THIS REPORT PERIOD

During this report period we have added an énfropy measure to the
six spectral-textural features and continued our study of these features on multi-
image classification  The spectral-textural feature extraction programs were
modified to prévide optional subimage overlapping, variable distances between
neighboring grey tone N-tuples, and horizontal processing of ERTS tapes in rows

of subimages instead of vertical strips.

IV. PLANNED WORK FOR THE NEXT PERIOD

During the next reporting period we will analyze in detail the offect
on classification of the entrophy measure as a feature, plus the addition of second entropy

order components to the grey tone N-tuples,

V. RELIABILITY EFFORTS

None



VI. SIGNIFICANT RESULTS

Improvement in the land use classification accuracy of ERTS MSS multi-
'imcges over Kansas can be made using two distances between neighboring grey
tone N-tuples instead of one distance. Much more information is contained
texturally than spectrally on the Kansas image and a slight improvement in classi-
fication sccuracy is possible with the addition of the entrophy measure as a new entropy

feature.

VII, COST BENEFITS OF SIGNIFICANT RESULTS

None

VI, PUBLISHED PAPERS, ARTICLES, REPORTS

None

IX., RECOMMENDATIONS REGARDING MAXIMUM UTILIZATION OF ERTS SYSTEM
MNone

~X. CHANGES IN STANDING ORDER FORMS

None

XI. ERTS IMAGE DESCRIPTOR FORMS
None

XII, DATA REQUEST FORMS SUBMITTED

None



XIII, FUNDING

Funding is adequate

X1V, CHANGE IN PERSONNEL

None
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1. RESEARCH OBJECTIVES

The main objective for the ERTS data proceﬁsing facility is to provide the
opportunity to use the analog and digital processing availoble at the University of
Kansas for all ERTS investigators The work under this task consists of: 1) develop-
ing user oriented digital software package for processing digitol MSS data and 2)
devé!oping analog/digital package for processing transparencies for ERTS imagery on
the IDECS/PDP-15 facility | a

11 PROBLEMS

None

ll. WORK PERFORMED DURING THIS REPORT PERIOD

During this report period, we have continued to provide data processing
~support for ERTS investigators in Kansas. An extensive revision of the retrieval
programs was made to provide better and more efficient data processing for ERTS fapes -
for Kansas investigators. Development.continued on user oriented software packages
for reading and displaying digital ERTS imagery for the IDECS color monitor. Work
on a program to read ERTS tapes using the PDP-15/IBM-7094 facility was compleféd .

V. PLANNED_WORK FOR NEXT REPORT PERIOD

The participants of this module will continue to provide data processing
support for ERTS Investigators in Kansas and also continue to develop user oriented

software packages for digital /analog processing of ERTS imagery data.

V.  RELIABILITY EFFORTS

None

VI, SIGNIFICANT RESULTS

None
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VI, COST BENEFITS OF SIGNIFICANT RESULTS

None

‘WIII. PUBLISHED PAPERS, ARTICLES, REPORTS
None

IX. RECOAMMENDATIONS REGARDING MAXIMUM UTILIZATION OF ERTS SYSTEM

None

" X. CHANGES IN STANDING ORDER FORMS

None

XI. ERTS IMAGE DESCRIPTOR FORMS

None

XII. DATA REQUEST FORMS SUBMITTED
None

XII. FUNDING
Funding is adequate

X1V, CHANGE IN PERSONNEL

None
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Vi,

VIIT.

L1,

XITI.

f11l.

X1V,

Estimates of costs benefits

None.

List of published articles

None

.Recommended changes in operation

None

Changes in standing order form

No longer receiving imagery

Number of ERTS Image Deseriptor Forms

None

List of bata Request Forms

None

Discussion of Adequacy of Funds

None

Personnel Changes

None
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I Summary of research objectives:

The long-term objective of this project is to develop remote sensors, partic-
uldriy for use at orbital altitudes, as data sources for agricultural statistics. The
immediote objectives are to identify wheat fields in Finney County, Kansas, and
to meke an assessment of acreage and crop vigor. "A variety of methods for yield
prediction is already employed by agricultural statisticians ih government ond in~
. dustry, and the relationship between yield and weather is well established . Based
on ERTS data end available weather records, an assessment of the feasibility of pred-
icting yields will be made. This feasibility will be assessed in terms of accuracy and
timeliness vis-a-vis present systems. l_If success?ul, the project will provide a model
- for estimating basic crop statistics and crop yields at regional, national and inter-
national scales. Under present sfrcrégies these data become available long after
they are of practical use." |

The objectives of this project are closely related to two other ERTS projects:
a probabilistic crop type identification study by R. M. Haralick at the Center for
Research, Inc., University of Kansas, and a study of wheat disease and pest recog-
nition by E. T. Kanemasu at Kansas State University. Data and techniques developed
in these two projects will materially assist in the solution of the agricultural statis-

tics project.

II. Statement or explanation of problems impending progress of investigation (i.e.,
explonation of any nonconformance with work schedule): '

No impediments to the investigation have developed during this period and

preparation of the final report is progressing.
III, Discussion of accomplishments or work performed during reporting period:

' The analysis of winter wheat production results from ERTS has been prepared
as a paper for the Third ERTS Symposium to be held ot Goddard Space Flight Center
December 1973. This paper, which summarizes resuits to date, is attached as
Appendix A. Preliminary results of the semiautomatic interpretation algorithm are

also included in the poper.
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IX.

XI.

XI1.

Recommendations concerning practical changes in operations, additional inves-
tigative effart, correlation of effort and/or results as to maximum utilization of

the ERTS system.

None

. List by date of any changes in standing order forms:

None

Number of ERTS Image Descriptor Forms (Attochment B) as required by Article
VII of the contract:

These forms are being attached to the reports currently in preparation.

List (by date) of any Data Requesf Forms (for reffospecrive data) submitted to
NASA-GSFC/NDPF during the reporting period:

None.

XIIL Discussion of adequacy of funds to complete task,

All funds are presently adequate.

X1V, Description of any significant changes in cperating personnel during the

reporting period or anticipated during the next reporting period:

MNone
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METHODOLOGY

Acreage, and yield per acre, represent the two measures required for a "crude™ crop
projection for any geogrephic crea. We describe this as o crude projection because
it does not consider diiferences in crop voriety, protein content, crop lost during
harvesting or other refinements on the cmount of groin actucily delivered to storage
bins. Nevertheless, by using ERTS as the dato bose, projections can be announced
several months in advance of current, equally crude, projections announced by the

. cfop reporting service. ‘ |

Wheat Acreage Estimates

A report on our technique for estimating winter wheat acrecge in southwest Konsas
was published in the Goddard Symnosium on Sianificant Results using ERTS Imcgery
(Williams, et. al., 1973). InThis aocument, G procecure ior visually detecring
and enumerating wheat fields on ERTS imagery is described. '

Basically the technique requires the interpretfer to:
1) delineate county boundaries on the imaogery:

2) recognize and delineate agricultural subregions within each county
on the basis of differences observed in the imagery (the boundaries
of many of these subregions will cut across county boundaries;

3) compare the results of step 2 with soil and ldndform meps (for those
counties where they exist) in order to better estimate the impertance
of the crop in each lend-use region;

4} learn to distinguish the image tones of wheat in fields 80 acres
(opprox. 32 ha) or larger from those of other important crops in
the subregion and convert these into interpretation rules applicable
to that subregion, and; :

5) visually locate and estimate the acreage of wheat fields in each
subregion using the intercretation rules developed in step 4. From
the subregion totals o composite acreage is obtained for the entire
project area. '

Accuracy cnd Adventaces of ERTS Visual Anclvsis-~By using the above procedure
we hove founa Throucn comparisans wirn grounda iruth and aircraft underflight data
that 99 per cent of cil the wheat fields and $9 per cent of the total acrecge can be
accurctely estimated. Although the interpretation rules are created from grey tones
of fields farger then 80 acres, the rules can be cpolied to ail Tieid sizes as smail as
10 acres providing there is high tone contrast with their surroundings. An obvious
advantage in the Winter Wheat Beit is that, once identified os wheat, the acreace
of each field can be accurately estimated becguse field sizes, by the townshio and

range system of survey, cre characteristically 10, 40, 80, 120, 160 or 320 acres
(4, 16,732, 48, 64 or 128 ha respectively).

There are at least three other adventages of visual interpretation from ERTS. First,
with experienced interoreters who are familiar with the cultivation of winter wheat,
the time involved for o complete enumeration of each county is on the order of one
hour per 250 square kilometers. While this is considerably longer than would.be

)
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required using a computer {assuming it could be trained to identify wheat) it is also
much cheaper, Secondly, by visual cnelysis, we obtain a nearly complete enumergtion
of the crop and learn how its spectral properties vary geographically and temporcily.
Thirdly, because we identify and locate each field early in the crop cycle, the need
for ground truth and aircraft data diminishes through time and allows us to concenirate
those octivities in areas where peciral anomalies (diseose, siress) begin to acppear.

The Need for Seauential ERTS Data -~Estimates of winter wheat acreage would not

be possible withour sequential ERTS data. The crop colendor for wheat is unique
among those crops commonly grown in the Great Plains, It is planted in September
or October depending upon weather conditions. By late November it is the only
green crop in the agricultural scene and can be readily deiected end enumerated on
MSS band 5 (the chiorophyll cbsorption band). It is significant that these circumstance
coincide with the most cloud-free season of the year over this region. With a high
probability for at least one cicud cnd snow-free image,a complete enumeration of
wheat planted is virtually a fait accompli . In addition, by virtue of slight tonal vari-
ations at this time of year, we feel naif it will be possiole, given more detailed ob-
servation, to categorize differences in planting time and general wheat condition.

A second lock ot wheat is required during March or April in southwest Kansas. We
vsed imagery from this time period to adjust the initial acrecge estimate and to assess
general wheat condition. This was necessery because a popular practice in western
Kansas is to plant wheat as a winter forage ond soil protection measure with no in-
tention of later harvesting the crep. In spring the field is turned under to provide
green manure and repianted to another crop. Such acreage must be subtracted from
the initial estimate. A combination of the red and infrared bands is desired for these
early spring observations.

A final ERTS cbservation is recommended during the hervest season, This is perhaps
not as important at present as it could be in the future, cfter we learn to interpref *
and adjust estimates for crop loss due fo disease, hail damage, etc. Individual
fields can be turned under as late as June and still produce a cash crop. An esti-
mate of wheat acrecge actuaiiy hervested therefore is desirable. It is, of course,
true that other crops, in oddition to wheat, con be surveyed using the same sef of
above images. Alfalfa, for example, cen-be visuvally distinguished from wheaf in
May and early June on band 7. At this time of year aifalfa is growing vigorousiy
{bright on band 7) while whect is drying for horvest (medium ftone on bends 5 and
7). '

Yield Per Acre Estimate

The model we have uced for estimating average yield per acre was preposed by
Thompson (196%). It is based on departure irom average weather conditions, .
According to his results,highest vields in Kensas are associated with above normal
precipitation from August through March (normaily a total of 325 mm.}. Ecch
additional 23 mm. at this time of yecr resuits in a gain of coproximately (.63 bushels
per acre. High vields are also associcted with above normai rainfail in April, nor-
mal rainfell in May and below normal rainfail in June. As a rule these months re-
ceive 88, 120 and 103 mm, of moisture respectively. Fincily, for optimal yields
in Kansas, below normal temperciures during April, Moy and June cre best, With
these data, it is possible to calculate an expected yieid per acre.. A comparison

of actual and calculated yields is given in Figure 1. ‘ :
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Weather data suitable for use in the model are published by the U. S. Weather
Bureau in its monthly climerological survey of each state. These dota are pub=
lished for each stetion end the stations are grouped into districts., The southwestern
Kansas district includes the ten counties surveyed in this report and mean weather
conditions in that district were used in solving the equation developed by Thompson.

Semi~Automatic Interpretation

The interpretation rules developed for visual interpretation can be specified in a
computer compatiple form for rapid wheat acrecge surveys. At present the tech-
nigue is termed semi-automatic because both the pre= and post-processing time in-
volve human activities. In broad outline the procedure requires the interpreter fo:

1} specify the coordinates of subareas on the image which match county
boundaries or other geogrophic localities. Care must be taken to gpecify
the location of towns or other non~cropland sites in order to exclude these
from later tabulations.

2) create @ frequency histogram for the 128 "tones" on the data tape for each
area specified in step 1.

3) divide the histogram into 15 levels (roughTy equwclenf to the 15 gray level
steps found on each MSS image).

4) determine the total number of resolution cells contained within those gray
levels that have been determined by visual analysis to closely correspond-
to wheat. Since ecch resolution cell is approximctely equal in size to one-
acre (.4 ha), the number of cells is considered to be roughly equal to the
whéat acreage.

An estimate from this procedure for an 840 sq. mile {2,184 sq. km) area in Finney
and Gray Counties totaled 165,000 acres. The same area, by visual tabulation,
contained 162,000 ccres. Aifhough the time required for fhe semi=-quiomatic ap=
proach was cbouf half (10 hrs. vs. 5 hrs.), the cost was almost four times (5120 vs.
- $30). At present we do not consider these differences to be mecningful because of
the research envirenment under which they &l were derived. Our two strongest
views at this stage of development cre that:

1} we see no way of ever eliminating the pre-processing human time re~
quired for crop surveys,simpiy because there are too many decisions and
"bookkeeping' operations invelved in a reliable inventory, end;

2) we may require a visual analysis in any case so that we can locate end
monitor individual fields.



RESULTS

Table 1 gives our estimate of wheat ocreage for the ten county survey area {approxi=
mately 8,071 sq. miles or 21,000 km} and compares it with estimates prepared by
the Statistical Reporting Service (SRS} of USDA, The ERTS estimate was prepared

in March whereas the dara availeble from SRS represent their May and August
estimates of "harvesiable” acresge. Final figures from SRS will not be ovailable
until February 1974, but, assuming that their August estimate is more accurate

thon their May estimate, the final ially shouid not differ significantly from the
original ERTS total. The March ERTS estimate is within 0.5 per cent of the SRS
August estimate, - '

Table 1 . .
Comparative Estimates of 1973 Wheat Acreage (and yield in bu/ac)
for Ten Counties in SW Kansas .
as Compiled by USDA, SRS and by Analysis of ERTS Imugery‘

SRS ERTS
Acreage Est. Ave. Yield Acreage Est.
County May 1973 Aug. 1973 _ March 1973
Finney 205,000 198,000 (37) 239,000
Grant 81,000 87,000 (34) 74,000
Gray _ 157,000 162,000 (36) . 174,000
Haskell | 104,000 109, 000 (43) 110,000
Kearney 117,000 119,000 3n 115,000
Meade 141,000 132,000 (36) 151,000
Morton 1,000 97,000 (24) 72,000
Seward _ 83,000 80, 000 (36) 78,000
Stanton 135,000 132,000 (24) 108,000
Stevens 85,000 87,000 (3N © 86,000
' 1199, 000 1,202,000 (33.2 ave.) 1207,000 (34)

Also shown in Teble 1, in porentheses, are the SRS projected average yields per
acre, for August, for each of the ten counties. Our estimate for the entire area,

as calculeted by the Thompson model, is given in parentheses in the row of totals.
These volues have been combined into @ matrix as shown in Table 2. The vooer

left cell represents the tofal crude yield that woutd be obtained using the traditional,
time-tested techniques and an avercge of 33.2 busheis/ec. The fower right cell
gives the expected wheat yield using ERTS imagery and the methodology reported

in this pcper. The ERTS estimare of total wheat busnels is 2.8 per cent higher than
the SRS estimate. It predates the SRS estimate by apout two months.



Toble 2
Matrix of Total Estimated Yield
Comparing SRS and ERTS Data

Average Yield/Aére-

SRS ERTS
(33.2 bu/cc) . (34 bu/ac)
as of 8/73 as of 6/73
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5 v =
5 & x®
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v - — .
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$ o |
2 e S 6 . 6
8 £ X 41.193X 10 by - 41,038 x 10 bu
I w 5% o o
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DISCUSSION OF THE RESULTS

The cbove results include several points thet need amplicetion. One could orgue,
first,that if the ERTS acreage estimate is based on a fotal envmeretion of fields
instead of ¢ scmpie, as normally employed by SRS, and that, further, if SRS has o
more sophisticated technique for caiculating average yield per acre than thaf pro-
posed by Thompson, the combination of these two values might give an even better
estimated vield. This value is presented in.the lower left cell of Tabie 2 and is
approximately 3.1 per cent higher than the SRS tally. Final figures, when presented,
may support this argument. ‘

A second argument concerns the complex economics of irricated wheat and wheat
planted as winter forege. Irrigation by center pivot metnods is increasing rapidly
on the lighter textured soils of the southwest (Williams and Barker, 1972), In past .
years many irrigated fieids have been piented fo wheat as a winter cover crop and
replanted in spring to feed grains. However, the recent high price of wheat, com=
bined with the prosoect for continued internationcl wheat trading ond low domestic
reserves has stimuloted growers to harvest wheat that would otherwise have been
turned under. Yields on irricated wheat fieids in 1973 are esfimated on the oasis

of past perfermance at 53 bushels/acre. V/e estimate from ERTS imagery that in

1973 174, CG00 acres of harvesiabie wheat were irrigated in the project crea.

Using these inouts we con revise the oriainal yield estimate, as shown in Table 3,

to a total of 44,344 million bushels, or 17 per cent higher than the August SRS
estimate . Again, only the final figures, wihen reieased by SRS, will reveal whether
this refinemenrt is recsonable. No distinction is mode befween irrigaied and drylend
wheat in the SRS estimate presented but such distinetion is mede in the final Feoruary
data. e believe that our ERTS derived estimcte for harvestcbie irrigated wheat in
1973 is reasonabie since SRS reported 202,00 acres of planted irrigated wheat in
1972 (personal communicaiion). ‘ :
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Table 3 .
Revised Yield Estimate
from ERTS to Include Irrigated Acreage

Type Acre 7 Ave. Yield Total Yield

(x10 (Bu/Ac) (x10° 8y)
Irigated . 174 53 - 9.222
Dryland 1033 M 35.122
Totals 1207 - 44,344
REFERENCES

 ERTS-1 Imagery:

DATE | ERAME NUMBER . ALl

8-16-72 1024-16511-5 , Excellent

9-21-72 1060-16505-5 Good, partial cloud cover
9-21-72 1060-16512-5 ' Good, partial cloud cover
9-22-72 : 1061=-16564=5 Good

9-22-72 : - 1061-16570-5 Good

12-21-72 | 1151-16575-5 " Good, partial snow cover
3-20-73 1240-16523-5 Good, partial snow cover
5-31-73 1312-16520-5 Excellent 7

7-24-73 1366-16512-5 7 Excellent

Thompson, Louis M, (1969}, "Weather and Technology in the Production
of Wheat in the United States,™ Journ. of Soil and Water Con-
servation 24:6 (Nov.-Dec.), pp. 217-224,

Williams, D. L. and Barker, B. (1972), "Center Pivot Irrigation in Finney
County, Kansas: An ERTS-1 Interpretation Procedure.” Lawrence,
Ks: Center for Research, Inc. NASA-CR-131208, 14 p,

~Williams, D. L., Morain, S. A., Barker, B . end Coiner , J. C. (1573),
"Identification of Winter Wheat frem ERTS-1 Imagery," in Symoosium
on Sianificont Results Obtaoined From the Earth Resources Technetoay
Satellite-1, Vol. 1, edited by 5. C. Freden, E. P. Mercanti, cna
M. A, Becker. Washington D. C: National Aeronautics end Space
Administration, pp. 11-18. '
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I.  Summary of research objective (5):

1t is the objective of this study fo determine the feasibility of monitoring fresh
water bodies in Kansas using ERTS-1 imagery.” This is to be accomplished by attempt-
ing to correlate spectral reflectance with water properties and analysis measured af
the time of overflight on two reservoirs under intensive study (Tuttle Creek and Perry
Reservoirs) -

II. Statement or explanation of problems impending progress of investigation .
' (i.e., explanation of any nonconformance with work schedule).

None _
IIl.  Discussion of accomplishments or work performed during reporting period

Water samples have been collected for 16 of the 23 cloud free reservoir passes.
Conditions such as ice cover, high wind and mechanical! failure prevented sample
collection for the remaining 7 cloud free passes. This report is based primarily on the
analysis of computer compatible tapes (CCT's) from 11 reservoir passes with ground
truth which includes sun angles above the horizon of 25°to 62°Figure 1) Qualitative
analysis of ERTS-1 9.5" positive transparencies appear in earlier presentations (Yarger,

1972 and 1973).

Sun Angle Effects

The multispecirel scanner (MSS) in ERTS records light reflected from a scene
illuminated by an admixture of suniight and skylight (Figure Z). On relatively ciear days
the spectral shape of the illimination remains fairly constant throughout the year. How-
ever, the intensity, angle of incidence, and path length through the c.:i'*mOSphere depend
on sun angle (ohgle above herizon). The reflectance levels from the concrete dam at
Tuttle Creek Reservoir, a target with constant spectral rei‘ier:i*mnée_r demonstrate a
sun angle dependence in all MSS bands (Figure 3). As has been suggested by Vincent
(1972), the sun angle dependence is suppressed by plofting band ratios instead of absolute
levels (Figure 4). The three other possible ratios, not plotted in figure 4, also show a
- flat response to change in sun angle. Ratioing essen’riclly'rerhoves the effect of unequal
illuminating infensities caused by the continuously changing sun angle from one ERTS
pass to the next. Since the ratio curves for the dam are flat, the angie of incidence and
otmospheric scattering of reflected light are not importent factors, at least for a concrete

target.
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Water reflectance levels do nb’r exhibit as strong a dependence on sun angle,

- but there is a significant measurable effect (see Figure 5 for band 5 example). As
for concrete, the absolute, reflectance levels for water decrease with lower sun
angle. 1n oddition, the correlation (or slope) between reflectance level and sus-
pended solids, in the range O-‘?Oppm, appears to depend on sun angle. On the
other hand, the magnitudes of MSS5/MSS4 ratios are indistinquishable for the three
different sun ongle passes (Figure 6). The slopes (ratio vs. suspended solids) for the
two low sun angle passes remain fairly flat. A dark object subtraction on each band
before raticing, as suggested by Vineent -(1. 972), does not significantly change the
slopes of the three passes. Dark object subtraction, which is the absolute level de-
tected by ERTS minus level of darkest object in scene, should suppress atmospheric 7
scattering effects present in the ratios. These results indicate that the slope depend-
ence on sun angle is probably not due to atmospheric scattering. It is perhaps due to
water column reflectance dependence on illuminator angle of incidence.

There were no obvious anomalous conditions during the low sun angle passes
such os high wind or chemical concentration. Lower temperatures should not sig-
nificantly effect water volume reflectance (ScHerz’, 1971). Reflectance levels from
eight passes with sun angle > 45° exhibit much weaker dependence on sun angle; but -
ratioing neverless improves correlc-tion with suspended load, .pc:r’r?culquy for bands 4
and 5. The 3 passes with sun angle Z. 40° exhibit lower correlation with sus;ﬁended
load, but the suspended load range 20 to 60 ppm is small compared to the range 0 to
900 ppm for all the data. More points at higher suspended-load and low sun angle
are needed to statistically confirm a band ratio-suspended solids correlation depend-
ence on sun angle. For the remaining discussion it is assumed that, after retioing,

sun angle dependence is relatively unimportant.

"CCT Correlations with Ground Truth

Digital levels for each water sample were exirocted from the CCT by locating
the sample station coordinates on a CCT generated gray ievel map, then averaging 9
pixels centered around the coordinate which corresponds to a 240 x 240 meter square
area on the water surface. ' |

Band 4 shows no correlation beyond 50 ppm and is useful only for relatively
clear water (Figure 7). This green bond penetrates the water column more than the

other bonds (Figure 2), but as a conséquence encounters a large omount of scattering
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materia! which produces saturation or maximum scuﬁering at levels > 50 ppm. Band

5 is correlated with somewhat higher turbidites ( > 80.ppm) but its response to sus=

pended load is quite similar to band 4 (Figure 8). Band 5 ratioed with band 4
(Figure 9) improves suspended lood correlation and is roughly linear in the range of

0 to 80 ppm with RMS residual of 12 ppm (Figure 10). All regression analysis in this
report'was done with horizontal axis as the dependent variable and vertical axis as
the independent variable.

Band & and the ratio band 6/band 4 display good correlation with suspended
load over the entire range of 0 to 900 ppm (Figure 11 and 12). ‘A smoothly varying
polynomial fit yields an RMS residual of 31 ppm. A similar fit (not shown) to the
non-ratioed curve in figure 11 yields an RMS residual of 48 ppm., so that a signi-
ficantly better fit was achieved by ratioing. As is the MSS5/MSS4 ratio, the MSS6/
MSS4 is linearly related to suspended solids in the region = 100 ppm. The respohse.
of band 7 (not shown) and band 7/band 4 (Figure 14) to suspended load is somewhat
weaker than the other bands but is definitely correlated with accuracy level ~ 50 ppm.
| Figure 15 is an-exarﬁpfe of a suspended solids contour map of Tuttle Creek
Reservoir (August 14, 1972) which was produced using a correlation curve between
band 5 and suspended solids. The curve {not shown) was derived from four high sun

"angle passes which yielded an RMS residual of 5 p.pm. '

Bard ratic correlations with seechi depth {or maximum light penetration depth)
are shown in figures 16, 17, and 18. The MS55/MS54 ratio is able to predict secchi
'dep’rh (or water clarity) to within £20 cm. to at least a 1 meter depth, which is the
limit of this investigation. The ratios MS56/MSS4 and MS57/MSS54 yield reliable
results for the more turbid water conditions corresponding to secchi depth in the range
0 to 40 cm and 0 to 20 cm respectively.

A study of ratio curves for MS56/MS55, MSS7/MSS5, and MSS?/MSSb {not
shown) indicates that these ratios are not very useful for correlation with suspended
load or secchi depth. |
IV. Discussion of planned accomplishments or work durlng next reporting period:

It appears that gray levels obtained from electronic level slicing of 9.5" black -
and white ERTS images will yeild quantitative correlation with suspended load similar
to that achieved using CCT's and with nearly the some accﬁrccy. ‘This part of the -

- investigation will receive attention during the next reporting period because of the
~ greater practicality and cost - effectiveness of the images as opposed to the CCT's,
In addition, attention will be directed to the other water quality parameters |

that have been regularly determined in an effort to uncover any slight correlations..

33<
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Chlorophyll and algal nutrients will receive particular attention. Thus far MSS5/

MSS4 ratios show no obvious correlation with chlorophyll concentrations up to

IOﬁg/l-iter.

V.

Discussion of efforts to achieve reliability:

Examination of the reflectance from the vegetation free Tuttle Creek flood-

way on CCT's for 8 passes shows a strong dependence on sun.angle (Figure 3). Band

ratios appear to remove this sun angle dependence (Figure 4). Water reflectance

also shows a significant dependence on sun angle as sown in.Figure 5. MSS5/MSS4

ratios for the same set of data are plotted in Figure 6 and the three different sun

angle passes are indistinguishable. This and other data indicate that MSS band ratios

derived from CCT's can significantly reduce the sun angle dependence of water

reflectance.

VI,

Discussion of significant results and relationship to prachca! epplications or
operational probiems:

Inorganic suspended load is the domlncmf influence on reservoir reflection levels.

i MSS band ratios derived from CCT's can be used for reliable predlchon of suspended

load up to 900 ppm during at least the high sun angle warmer months and perhaps the'

entire year (see discussion on sun angle}. The ratio MS555/MS54 is useful in the range
0 to 80 ppm with-accuracy on the order of 10 ppm. The ratios MS56/MSS4 end MSS7/

MSS4 are useful from O up to at least 900 ppm, which is the limit of this investigation,

with accuracies of 30 ppm and 50 ppm respectively.

VIL.
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Discussion and estimates of the cost benefits of any significent results:

None

List of pubhshed c:rhcles papers, pre-prinfs, in-house reports, abstracts of tatks
that were released dur:ng the reporting period after recelwng notice of compi:ance
with the provisions of Article IX of the contract: :

"Quantitative Water Quality with ERTS-T" by HcroFd L. Yarger, Jomes R. McCauley,

Gerard W James, Larry M. Magnuson and G. Richard Marzoff. Presented at the Third
ERTS-1 Symposium December 10-13, 1973 in Washington D.C. and to be published in the
Symposium Proceedings by Goddard Spaceflight Center

IX.

Recommerd ations concerning practical changes in operations, additional investi-
gative effort, correlation of effort arid/or results as to maximum utilization of the

ERTS system.
MNone
List by date of any changes in standing ordé_r forms:

Nene |
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XI.  Number of ERTS Image Descriptor Forms (Attachment B) as required by Arhcle VII
of the contract:

Attached

XII. List (by date) of any Dom Request Forms (for retrospective dqra) SmelN’Bd to NASA-
GSFC/NDPF during the reporting period:

Attached
XIII. Discussion of adequacy of funds to complete task:
Funding is cdequate. '

XIV. Description of any significant changes in operating personnel during the reporting
period or anticipated during fhe next reporting perlod ,

None
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)347- (6455 M o

1367 - 16564 457 L

1367 16571 4.57 L

“FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRiP;fO_R TERMS IN- THESE
COLUMN HEADING SPACES NOW AND USE A CHECK {~") MARK IN THE APPROPRIATE PRCDUCT
1D LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO ERTS USER SZRVICES
CODE %63
BLDG 23 ROOM E413
NASA GSFC
GREENEELT, MD. 20771
301-882-5400 '

GSFC 37-217/72)




. ERTS IMAGE DESCRIPTOR FORM

{See instructions on Back}

NDFF USE ONLY
b L

PRINCIPAL INVESTIGATOR

Hl Yaccee

N

1D

GSFC STo 45

ORGANIZATION LAY

TR AN CENTE? FOR ICEsEsleH M

PRODUCT 1D

(NCLUDE BAND AND PRODUCTI

FREQUENTLY USLD DESCRIPTORS®

STREAM | LAKE | FlosoPiAnd]

DESCRIPTORS

/363 - /6332 -
/363 /67355 -
13635 - 14341 -
/364 - 439)
1364 . 1393
1364 - 15400
1385 - (6445 -
1365 - /6952 -
1365 - Jo454
[366 . }4503-
/366  jgs10 -
1366 /p5it -
1367 - (6562 -
/368 - 17023 -

M2 33IIIIII

67

B3
-\n.
~

™
4

j3286 - (1029 - 9577

Tvn ¥V Yy Vv g

CLoyos

]

A
In
it

*EOR DESCRIPTORS WWHICH WILL CCCUR FREQUEMNTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLULIN HEADING SPACES NCW AND USE A CHECK () LMARK IN THE APPROPRIATE PRODUCT:
ID LINES. {FOR OTHER DESCRIPTORS. \WRITE THZ TERM UNDER THE DESCRIPTORS COLUMN). |

MAIL TO ERTS USER SERVICES

CODE 563

BLDG 23 ROOM E413
NASA GSFC :
GREENBELT, MD. 20771
301-982-5400

GSFC 37-2(7//2)
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. ERTS DATA REQUEST FORM | | ID
560-213 (7/72)

reLePHONE No, 913-864-4832 —

NDPFf USE ONLY-

el

D
N

DT
™
TM APP.

1. pate_ NOV.30 5.
| . NEW
2. UseriD_oT0 45 6. CATALOGUES DESIRED
STANDARD [ ] us E_—_—lNONUS
4. SHIPTO: .
ocs ]
ADDRESS Sin MeCAdLey [}
MICROFILM [ ] us. [_Inonus.
Cenreh Fof RESEALCH - _
VMY pf KANSAS
LANRENLE, KANSAS b604S
ADDDHHMMS ¢ 8 P F T ! NN A
JBSERVATION - CENTER POINT SENSOR PRODUCT PRODUCT CTICK - NUMBER AREA
IDENTIFIER COOHD!"JATE§ " BAND TYPE FOAMAT MARKS OF COPIES . .
LAT. 'U‘Vo
éls:;az :m G 9TRR M D 7 7 L
45'33w o Y
27 sy | S i D 7 -1 u
. Lt e, " o
182~ /0362 | 38asm TTHw | M D 7 / U
99-/4332 | 52w G5O M D 7 / u
, 2 s 4§ L] s';u
:p0- 16300 | 38 S3m 170
| N D 7 I lu
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I.  Research Objecrives:'

The two program objectives of this study may be defined ds:
A. Use of multispectral imagery to map the areal geofogy of selecfed
~ sites in Kansas, and to identify anomalous patterns;
B Search for lorge-scale ground patterns by spcma! frequency

analysis.

Ii.  Problems:

MNone

I. Work performed during this report penod

This phase of the investigation is concerned with the quanhtahve cnolysns of
the sPcmc:I frequency data obtained from sczmple areas in Kansas, the study of image.
feature enhancement techniques , and the comparison of specific results from this
investigation with results from other Tnyesﬁgatioﬁs. The-scrrnple areas chosen and
the information obtained from them using the optical ﬁrocessar (described in the
appendix) was déscribed in the ERTS-A Type II Report No. 2266-4 for July ]973

Work conciuded or in progress at the present time with respecf to the dcfo :
obtained in the first phase of this investigation includes the following:

A. Determination of ground pattern classification parameters from
orientation plots (mfensn‘y vs. ongle curves descr:bed in the

_ appendix). : _ -

B. Modification of the spatial frequency plots (itensity vs. spatial
frequency curves described in the cppehdix) to enhance the ability
of the plots to display significant ground paftern information.

C. Determination of ground pattern classification pardmeters ﬂ_'o-m"' j'

modified spatial frequency plofs in (B). | '

D. Investigation of the ability of the parameters in (A) and (C) to
provide reliable physiographic classification of f_eg_for:s in Kansas -
in conjunction with the manual determination of distinctive ground
pattern pcrometers.r o ' N

The modified spatial frequency plots (B), were determinea- By obtaining an
~ average curve for the plots and then by taking ecch curve, in turn, and diwdmg

each point in the curve by the corresponding po:nt in the average curve.



v

VI.

VII

VIII.

Planned work next report period:.

Durlng the next report perlod we will be working on the Fo|lowmg ifems

A Comparison of ERTS-A study results wi ith results. obfumed from:

other studies

B. Quantitative data analysis

1.

Obtain parameters from 11 (A) and Ill (C) above and

determine  "best" sets to be used in classification

 schemes. (The results derived from 1l (D) will be used

here to determine the most significant parameters with

~respect to the manual interpretation. of-the geologic grouna

patterns )

Determine the physiographic classification schemes or
algorithms to be employed (A number of schemes will

be determined based on the parameter sets found in (1)
abové.) 4 o o

Investigate the accuracy of the classification schemes. * (The-
results of the classification schemes will be examined to

determine the identification accuracy and misclassification.

_ probublllfy The results will also be examined fo ‘defermine

how the classification schemes may be lmproved )
Determine the appropriateness of these classification schemes

in future geologic pattern studies.

Reliability efforts:

None

Significant.results:

None

N. A.

Cost benefits of significant results:

Published papers, articles, repots:

None



[X Recommendations regarding maximum utilization of ERTS system:

None

X Changes in standing order forms:

MNone

XI. ERTS image descriptor forms (Attachment B): -
Attached - A

XII. Data request forms submitted:

None -

XllI. Funding:

Funding is adequdte.

XIV: Change in personnel:

None
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APFENDIX

Optical Processina Svstem Daserintion

_ In this section we will present a description of the opfircol processing system.
used for spatial frequoncy enaiysis of the ERTS imeges. The optical processor has
three main elements: o ]cser,optics, and a Recognition Systems Inc., Diffraction '
PcHern Sempling Unit (DPSU). The system configuration is shown in Figure T. An
ERTS-A 70 mm gositive transparency Is used as the input for this system. The optical
processing system con b2 regorded os a two step system. First, an area of the ERTS
transparency (sample areq) is illuminated by the incident laser beam, This beam is
focused by the lens, (dashed lines, Figure 1) so that the point source produced by the
spatial filter is imaged ai a distance z + f in front of the lens. The resulting light
intensity distribution at this point is the optical Fourier transform or amplitude frequency
spectrum of the portion of the ERTS image illumingted by the beam, Second, the in—
tensity distribution {frequency spectrum) of the ERTS image 15 sampled by the DPSU.
The DPSU consists of @ 64 element phofodlodn arrcy (shown in Figure 2) used
to detect the [ight intensity incident ugen: ceeh elemznt, and elec ctrenics w hich am=
-‘pl:fy and u.gm?_e.-i'he cuiput from eoch -dicde in the array. Ths dig e array is. com™
' posed of 32 wedge-shopad photodicdes and 32 annular ring photod:odes. The inten~
sity distribution across each photediods is recorded, The daota from the optical precessor
are then used in a computer program and are calibrated, _prinréd and plotted.. |
The spatial frequency in fhe transform plane is related to other system param=
eters by: | ) ' |
s =r1/d) _
where s = spaticl frequency in transform plene _
r = distance in transform plane measured from eptical axis
d = distence from imcge tronsparency to cetector
A= wavelength of laser rediation = 6328 Angstroms
The spatial freﬂuc,ncy cbtcined from this caleulation is converted to ground spatial
frequency using image to ground s"czle. The resulhrg curves which are pletted by
the computer program ore then  |eff )I or intensity vs. freguency and [e(3)] 2 orin-
tensity vs. angle. Those are plotted in terms of ground spatial frequency in cycles

per mile and direction in composs degrees from north.



Tnout plc.nr: (ERTS imege)

_ _7 transform plone (deicctor)
' . - S (rrcnsform lens
: ' - ~light begm

| o spatial filter ~laser
. _] ‘ | C | - _“?r\‘; C pah i ( as

C : digitai cisplay . : ik SR _J___*_ 1
amplifier / 64 channel switching unit ot | do z+f

Figure 1. System configuration
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Figuro 2. Dclecter geometry
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{See lnstructions on Back)

ERTS IMAGE DESCRIPTOR FORM

oare_ November 30, 1973

NDPF USE ONLY

PRINCIPAL INVESTIGATOR
csrc YN 657

(o]}

N

John C. Davis, Fawwaz T. Ulaby

1o

ORGANIZATION Universit'y of Kansas Center for Research, Inc. .

PIIODUCT 1D

FREQUENTLY USED DEVSCRIPTOHS'.

(INCLUDE BAND AND PRODUCT) | cpo Lake FloodPlain * ~ DESCRIPTORS. '
1308 - 16291 - 4,5 ' Clouds
1 1310 - 16404 - 4 X X .
1311 - 16453 - 4,5 X
1311 - 16455 - 4.5 x
1311 - 16462 ~ 4.5 X |
1312 - 16511 - 4,5 x X
1312 - 16514 - 4,5 x | N
1312 -~ 16520 - 4 ' X' .
1313 - 16575 - 4,5 _ Clouds
1314 - 17024 - 4.5 x :
1314 - 17030 - 4.5 x - ]
1326 - 16283 - 4,5 X X
1327 - 16335 - 4,5 x “x
1327 - 16341 - 4,5 X T x x
1327 - 16344 - 4,5 . x
1331 ~ 16564 - 4,5 x
1331 - 16571 - 4,5 X
1331 - 16573 - 4,5 X x
1332 - 17023 - 4,5 X
1332-17025-5 x
1344 - 16284 - 4,5 X
1345 - 16334 - 4.5 % | x
1345 - 16340 - 4,5 x x X
1345 - 16343 - 4,5 x

MAIL TO

| .

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLULIN HEADING SPACES NOW. AND UsE A CHECK {~)} MARKX IN THE APPROPRIATE PRODUCT
iD LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

ERTS USER SERVICES

CODE 583

BLGG. 23 ROOM E413
NASA GSFC
GREENBELT, MD. 20771
301-582-5406

GSFC 37-2(7/72)




ERTS IMAGE DECCN H’IOH FORM

{Sce Instructions on Back)
' NDFF USE ONLY
‘ DATE November 30, 1973 o .
PR'NC'PAL INVESTIGATOR John C DQVIS, FOWWGZ T Ulﬂby N
1o
“asrc _UN 657
" ORGANIZATION Yniversity of Kansas Center for Research, Inc
PRODUCT D © | FAEQUENTLY USED DESCRIPTORS® | - _
(NCLUDE BAND AND PRODUCT!} = Al . DESCRIPTORS
loodPlain -

Stream | Lake

1346 - 16392 - 4,5 X

1346 - 16395 - 4 5 x X X

1346-16401-45 X X

1347 -~ 16450 - 4,5 x

1347 - 16453 - 4 5 x X

1347 - 16455 - 4 5 X x

1348 ~ 16505 - 4 5 ® X

]348-]65]1-45 X X o

1348 - 16514 - 4,5 X X

1349 - 16563 - 4 5 x

1349 - 16570 - 4,5 X

1349 - 16572 - 4 5 X

1350 - 170271 - 5 x

1350 - 17024 ~ 4 5 X ‘

1385 - 16560 ~ 4 5 X X

1385 - 16563 -~ 4 5 X

1385 - 16565 - 4 5 x x

?398-16271—45 X X

1398 ~ 146273 - 4,5 x X X

1398 - 16280 - 4 5 x %

1399 - 16325 - 4 5 x : x

1399 - 16332 - 4 5 X x x
5 x x X

1399 - 16334 - 4,

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, \WRITE THE DESCRIPTOR TERMS IN THESE
COLUMN HEADING SPACES NOW AND USE A CHECK (\./) MARK IN THE APPROPRIATE PRODUCT
iD LI_NES (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN),

MAIL TO ERTS USER SERVICES
CODE 543
BLDG 23 ROOM E413
NASA GSFC
GREEMNBELT, MD, 20771
301-982-5406

GSFC 37-2 (7/72)
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ERTS H‘\:AGL (3% “(‘I’IIPT’)‘? rOnM

ASee fn\tlu,!_! g on Rask)

DATE November 30 ]973 NOPF USE ONLY

D

PRINCIPAL INVESTIGATOR John C Davis, Fawwaz T. U'E’by "-

{ . . . 1o

GsFc __ UN 657

oRGANIZATION _ University of Kansas Center for Research, Inc.

- PRODUCT 1D | FREQUENTLY USED DESCRIPTORSS
(BNCLUDE BAND AND PRODUCT) Stream Lake loodPrlrcint' DESCR!PTOFS.
1400 - 16384 - 4,5 X x
1400 - 16390 - 4 5 x X X
1400 - 16393 - 4 ) x - x x
1401 - 16442 - 4 5. % x
1401 - 16444 - 4 5 X x
1401 - 16451 - 4 5 x : x
1404 - 17013 - 4 5 x -
1404 - 17015 - 4 5 X

*FOR DESCRIPTORS WHICH WILL GCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLUMMN HEADING SPACES NOW AND U"{E A CHECK (\/J FAARK IN THE APPROPRIATE PRODUCT
.lD LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMNI. -

MAIL TO  ERTS USER SERVICES
CODE 553

BLDG 23 ROOM E413
NASA GSFC
GREENUELT, MD. 20771
301-932-540G

| GSFC 37-2(7/72) ' . — AP



ERTS IMAGE DESCRIPTOR FORM

(See In<trictinns on Oucl) |

1439 - 16550 - 4,5
1439 - 16552 - 4,5

pate _November 30,1973 D'NDPF USE ONLY
PRINCIFAL INVESTIGATOR _ Yohn C. Davis, Fawwaz T. Ulaby N
gsrc _ UN 657
" ORGANIZATION _ University of Kansas Center for Research, Inc.
PRODUCT 1D FREQUENTLY USED CESCRIPTORS®
(INCLUDE BAND AND PRODUCT) gy oo ‘Lake  FloodPlain|’ DESCRIPTORS
1384 - 16502 ~ 4,5 x x
1384 - 16505 - 4,5 x X
1384 - 16511 - 4,5 X x
1402 - 16500 - 4,5 x X :
1402 - 16503 ~ 4,5 X X
1402 - 16505 - 4,5 x x
1403 ~ 16554 - 4,5 x
| 1403 .~ 16561 - 4,5 X
1403 - 16563 -.4,5 X
1416 - 16265 -~ 4,5 x X
1416 - 16274 -~ 4,5 x X
1417 - 16331 - 4,5 x X X
1418 - 16381 - 4,5 X X .
1418 - 16384 - 4,5 X X X
1419 - 16442 - 4,5 X
1419 - 16445 - 4,5 x
1421 - 16552 - 4,5° x
1421 -~ 16555 - 4,5 p .
1436 - 16375 - 4,5 X X
1438 - 14491 - 4,5 X X
1438 - 16494 ~ 4,5 x X
1438 - 16500 - 4 x x
x
x

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLULIN HEADING SPACES NOW AND USE A CHECK {7} MARK IN THE APPRADPRIATE PRODUCT.
iD LINES, (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO  ERTS USER SERVICES

CODE LI

BLDG 23 ROOM E413 .
NASA GSFC '
GREENLELT, MD. 20771
301-532-5406

GSFC 37-2(7/72)




ERTS IMAGE DESCRIPTCR FORM.

_ {Sea Irctncniions on tiack) )
" pare _November 30, 1973 L - | D“"F usE ONEY
 PRINCIPAL |:NVEST!GAT0R- John C. D.GVIS, chwcﬁz T. U|uby - | : N
UN 657 o o L

] GSFC

G‘R'GANIZAT':ON University of Kansas Center for Research, Inc.

PROQDUCT iD FREOQUEHNTLY USED DESCRIPTORS®

WNCLUDE BAND AND PRODUCT) | o, —1-
I Stream | Lake IFloodPlain

DESCRIPTORS

1440 - 17004 - 4,

5 X :
L 1452- 16255 - 4,5 x x
© | 1452 - 16261 - 4,5 X - X
1452 - 16264 - 4,5 X P
1454 - 16371 - 4,5 x
1454 - 16374 - 4,5 x X
1454 - 163380 - 4,5 X % X
1457 - 16542 - 4,5 x
1457 - 16545 - 4,5 x X .
1457 - 16551 - 4,5 X X
1458 - 17000 - 4,5 X
1458 - 17003 - 4,5 X )
1453 - 16313 -5 x X
1453 - 16320 - 5 x X X
1453 - 16322~ 5 X '
1455 - 14430 - 4,5 X
1455 - 16432 - 4,5 e %
1455 - 16435~ 4,5 X X
1456 - 16484 - 4,5 T X X
1456 - 16490 - 4,5 X x
1456 - 16493 - 4,5 x X

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE

COLUMN HEADING SPACES NOW AND USE A CHECK (~) MARK IN THE APPROPRIATE PRCDUCT
{0 LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUNMNI

MAIL TO ERTS USER SERVICES
CODE &563
BLDG 23 ROOM E413
NASA GSFC
GREENBELT, MD. 20771
301-982-0306

| GSFC 312 U172 - S - U<




CRINC LABORATORIES

Chemical Engineering Low Temperature Laboratory
Remote Sensing Lahoratory

Flight Research Laboratory

Chemical Engineering Heat Transfer Laboratory
Nuclear Engineering Laboratory

Environmental Health Engineering Laboratory
Information Processing Laboratory

Water Resources Institute

Technology Transfer Laboratory
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